on several processes. We find that the effective Hamiltonian that is normally used to interpret . .
The origin of the apparent family structure of all known fermions is a complete mystery. It has been known1 since the discovery of the kaon that the weak eigenstates of the quark sector do not respect this family structure. However, no analagous behavior has ever been observed in the lepton sector. Most searches for lepton flavor violation have concentrated upon processes which change lepton flavor, AL,," by one unit (e.g., IT t pe or ~1 + er). There have been relatively few searches done for those processes that change lepton flavor by two units.
The first searches for ALf = 2 transitions were motivated by the' realization that the absence of the decay p + ey could be explained by a multiplicative quantum number instead of an additive one? Feinberg and Weinberg4 suggested a number of experimental tests of this idea. Two of their suggestions were to search for the process e-e-+ p-p-, and to search for-the transformation of muonium ccl+e-G M) into antimuonium (p-e + = %). This latter process is the exact _ analog of I<"-K" mixing.
In the absence of external electromagnetic fields and -assuming that the mass difference of the mixed states, 6, is small, the probability of observing a transition, P(M), can be written as where rr is the muon decay rate. Feinberg and Weinberg assumed that the transition could be characterized by an effective Hamiltonian of the form where G,;i? is an effective four-fermion coupling constant. They then calculated that the mass difference for the hype&e J = 0 and J = 1 states would be of the form (3) where a is the Bohr radius (a-l = m-n,).
.-In the late 1960's, a group at the Los Alamos Meson Facility' searched for the spontaneous conversion of muonium into antimuonium. They did not observe a signal and were able to place an upper limit 6 on GM= of 5800 . GF, where GF is the Fermi coupling constant. A second group working the Princeton-Stanford ,.' electron storage rings7 searched for the process e-e-+ p-p-. They also obtained a null result. Using Eq. (2) t o calculate the expected cross section, they placed an . . -~ j upper limit on GM= of 610 * G F. Since that time, several groups have searched 8'g for muonium-antimuonium conversion.
The most sensitive search to date9 has . -established an upper limit on GM, of 1.1 . GF.
.It is interesting to note that none of these results rules out the presence ---of a multiplicative quantum number (which would presumably allow muoniumantimuonium conversion and double electron-muon conversion to proceed with a characteristic coupling GM= M GF). The absence of a multiplicative lepton quantum number is inferred from the small size of the branching ratio of p+ + e+v,v,," where the coupling constants GA and GB are complicated functions of lepton masses, neutrino masses, and mixing angles. Equation (4) differs from Eq. (2) by the inclusion of a second term. The effect of the second term on the mass dif----ference is comparable in magnitude (but opposite in sign) to that of the first term.
Using expressions given in Ref. 13 , it is straightforward to estimate the following _ very conservative upper bound for GA and GB, This is more than eight orders of magnitude smaller than the best experimental lir& on GM=.
The process represented by diagram (b) is quite similar to that represented by diagram (a) except that Majorana neutrinos are exchanged instead of Dirac ones.
Halprin14 has noted that the absence of neutrinoless double-beta decay implies that this process must occur with' an effective coupling G,x 6 3 x 10m5 -GF. This is also well below the limit of observability.
The third process shown in Fig. 1 
DOUBLY-CHARGED HIGGS BOSONS
There is a large body of literature that deals with doubly-charged Higgs bosons of various 17, 19, 20 types. Although they can arise in a number of scenarios, doubly- 'In most models, the coupling of a doubly-charged Higgs boson, A--, to a pair of leptons of flavor !! can be described by the following Lagrangian density:
where: gpe is a dimensionless coupling constant; $eR = l/2 (1 + rs)$l is the righthanded charged lepton field; and @ = C$T is the charge conjugate field. In some models, the A--couples to left-,handed fields rather than the right-handed ones 
-Equation (7) is identical to Eq. (2) with the coupling constant G,x defined as where g is the SU(2) coupling constant and M, is the W boson mass.
. .
-
Using Eq. (8), the current limit9 on G,;i? can be converted into a limit on the ratio of couplings to Mi, k%!E < 6.6 x 10s5 GeVe2 Mi (90% CL) .
This limit is represented graphically in Fig. 2 as a contour of MA versus J-.
Note that some authors16 expect that the coupling constants gee could be as large or larger than the electromagnetic coupling.
To indicate the mass limits that correspond to such statements, the values of the coupling constants e, g', and g are shown in the figure.
-3. OTHER VIRTUAL PROCESSES -. j .
-Those processes that exhibit explicit lepton flavor violation may be the most spectacular to contemplate but are not necessarily the most sensitive ones to use in experimental searches. In many cases, the most sensitive limits on new physical processes come from precision measurements of rather mundane processes.22 The ---following section describes a study of the rather mundane process of Bhabha scattering. We then consider the case in which the doubly-charged Higgs boson couples non-diagonally (in lepton flavor) to the charged lepton sector. In that case, very -stringent limits can be obtained from the existing limit on the branching ratio for the process p -+ 3e.
3.1. BHABHA SCATTERING -Doubly-charged Higgs scalars contribute to Bhabha scattering at the tree level.
As is shown in Fig. 3 , this involves the t-channel exchange of a A--. If we assume that MA is large as compared with the center-of-mass energy of the scattering process, the effective Hamiltonian for this process can be written as (9) Equation (9) is identical to Eq. (6) except that the muon labels have been replaced by electron labels. Performing exactly the same mathematical transformations as .
were applied to Eq. (6), the Hamiltonian can be written as
where we have chosen to express all fields as chiral fields.
The advantage of the form given by Eq. (10) is that it is very similar to one used by Eichten, Lane, and Peskin 23 to describe quark and lepton compositeness. 
Experimental Results
The parameters of the measurements of the Bhabha Scattering cross section by the two PEP experiments and the two PETRA experiments are given in Table I .
The data of the two PETRA experiments (PLUTO and TASSO) were presented in essentially identical formats. Both groups published the differential cross section The data were analyzed by performing a simultaneous x2 fit of Rtree to the 69 measurements of Rezp from the four experiments. The overall normalizations of the four samples were allowed to vary as free parameters in all fits. The analysis was performed in three steps to insure that the procedure is self-consistent.
-~ j
The data were first fit to the form of Riree that includes QED effects only,
where Ci is the normalization of the ith sample (i = 1,4). The minimum value of ---x2 was 76.8 for 65 degrees of freedom. This corresponds to a chisquare probability of 0.15.
The data were then fit to the form of R tree that includes all electroweak effects. This form is given by Eqs. (13) and (11) with the coupling constant gee constrained to zero. The four normalizations and sin2eW were allowed to vary as free parameters. Note that both M, and IL were correctly scaled to sin2&,. The minimum value of x2 was 58.3 for 64 degrees of freedom. The chisquare probability was improved to 0.81 by the incl,usion of the weak corrections. The best estimate of sin20, was 0.273+::$ which is consistent with the world average 3o of 0.230. In the low mass region (MA < 50 GeV), the fit quality remained quite good (at MA = IO GeV, the value of x2 was 58.5). The effect of the Higgs propagator was _ to produce a less restrictive limit on gee in this region. The limit is summarized in Fig; 2 as a contour in gee ----MA space. For the case gee = gPPL, this limit is nearly three times more stringent than the one derived from the muonium-antimuonium limit.
To insure that this result is not sensitive to our choice of sin2&, the data were fit to Rlree with both sin2B, and gi, allowed to vary. A result that is very similar to the one shown in Fig. 2 was obtained.
We note that the cross section as described by Eq. (11) is not right-left sym- This process is shown diagrammatically in Fig. 4 . The non-diagonal coupling can be defined by the following Lagrangian:
where the coupling constant gecc is presumably suppressed by the sine of a mixing angle as compared with the diagonal coupling constants.
Using Eq. (15) (7)2(gij4 . (17) _ The best published limit32 on the branching ratio of ~1 --+ 3e is B~(,v --t 3e) < -~ j 1.0 x 10-l' at 90% confidence. Using Eq. (17), we find that the limit on gectgee/hJi is ---%!% < 4.7 x lo-l1 G&T-2 Mi (90% CL) .
This very impressive limit does not readily fit on the scale of Fig. 2 . It is sufficient to say that if the relevant mixing angle, eeP, is larger than 6 x 10e6, this -limit is the most stringent one on the existence of doubly-charged Higgs bosons.
THE SEARCH FOR REAL A--
The limits on the existence of doubly-charged Higgs bosons that are obtained from the study of virtual processes have the property that the limit on the mass MA is correlated with the size of the coupling gte. This correlation can be removed 
THE CROSS SECTION FOR e+e---+ A--A++
The tree-level differential cross section for the process e+e-+ A--A++ is
given by -the following expression, . . -~ j . 
where me is the lepton mass. The Higgs bosons are therefore short-lived (in an experimental sense) unless the coupling constants gee are very small (less than 10-9).
EXPERIMENTAL RESULTS
A number of groups have studied the process e+e-+ e+e-e+!? at PEP and PETRA energies. -In most cases, they did not require that both of the electrons were observed. Only two groups have published data on large-angle, doubly-tagged -~ j [33] [34] [35] events.
The most complete and useful of these publications is the thesis by F. Le Table II was used in a standard Poisson statistical analysis 40 to extract a 90% confidence limit on MA for the given branching ratio hypothesis.
Four branching ratio hypotheses were considered. They are listed in Table III along with the corresponding limits on MA. Note that there was sufficient leakage of the tau decay modes into the electron and muon channels that it was possible to find a moderate mass limit in the case that 100% of the Higgs bosons decay -~ j into tau final states. This limit is shown as a horizontal line in Fig. 2 . Technically, the coupling constant grr is displayed along horizontal axis in this case. However, since we have implicitly assumed that g$,gzlr < g&, the limit applies to all three -. coupling constants.
CONCLUSIONS
We have considered the effect of a doubly-charged Higgs boson on several processes. We find that the existence of such objects is excluded at a 90% confidence level for Higgs masses less than 14 GeV. If the coupling constant gee is larger than approximately 0.075, the limit becomes more stringent. For a Higgs boson that is strongly coupled to electrons (gee = &), the limit increases to 1.25 TeV. If the coupling of the Higgs boson to the charged leptons is non-diagonal in lepton flavor, a much more stringent limit applies.
We note that more sensitive searches for doubly-charged Higgs bosons can be performed at the current generation of hadron colliders and 2" factories. The coupling of the 2" to the left-handed Higgs boson is quite large (the coupling of the 2' to the right-handed Higgs is much smaller). The signature of an event is sufficiently spectacular that it can be identified quite easily, even in the difficult environment of a hadron collider.
---
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